Abstract. Pentoxifylline is a tumor necrosis factor-α (TNF-α) inhibitor that also attenuates the immune response and decreases tissue inflammation. The association of pentoxifylline with antimony improves the cure rate of mucosal and cutaneous leishmaniasis. In this randomized and double blind pilot trial, cure rate was higher, although not significant, in patients who received antimony plus pentoxifylline than in those patients receiving antimony plus placebo. A significant decrease in TNF-α and interferon-γ (IFN-γ) levels during therapy was more pronounced in the antimony plus pentoxifylline group, whereas CCL-3 (Chemokine [C-C motif] ligand 3) decreased similarly in both groups. The increased levels of CXCL-9 (Chemokine [C-X-C motif] ligand 9) during therapy were lower in the antimony plus pentoxifylline group. Therapy with pentoxifylline modifies cytokines and chemokines production, which may be associated with therapeutic outcome.
INTRODUCTION
Tegumentary leishmaniasis is a major public health problem in developing countries, 1 and cutaneous leishmaniasis (CL) is the most common form of the disease. CL caused by Leishmania braziliensis is characterized by skin ulcerations that take months to heal, with increasing failure rates to monotherapy with pentavalent antimony (Sb v ). 2, 3 The pathology in CL is associated with an exacerbated inflammatory response with high concentrations of tumor necrosis factor-α (TNF-α) and interferon-γ (IFN-γ) found in supernatants of peripheral blood mononuclear cells (PBMCs) and tissue. 4, 5 The participation of TNF-α in the pathogenesis of inflammatory and autoimmune diseases 6 as well as CL and mucosal leishmaniasis (ML) has been documented. 4, 5 In CL, there is an association between production of this cytokine and development of cutaneous lesions 7 and an association between the frequency of cells expressing TNF-α and ulcer size. 4 Although Sb v has been the drug of choice for treatment of CL for decades, therapeutic failure has been observed in up to 40% of the patients with disease caused by L. braziliensis. 3, 8 Pentoxifylline is a metilxantine used to treat vascular and chronic inflammatory diseases. 9, 10 Pentoxifylline inhibits TNF-α production, 11 and the association of pentoxifylline plus antimony decreases the healing time of CL and ML, 12, 13 is more effective than antimony alone, 10, 11 and cures ML and CL patients refractory to Sb v therapy.
14 This randomized, placebo-controlled pilot clinical trial was performed in the Health Post of Corte de Pedra, Bahia, Brazil, an endemic region of L. braziliensis transmission. The trial was conceived with a small sample size as a preliminary study to obtain data about changes in immunological parameters associated with the use of pentoxifylline to better understand how pentoxifylline can contribute to the healing of CL ulcers.
METHODS
Thirty-six CL patients were included who presented one to three cutaneous ulcers, had a duration of illness between 1 and 3 months, and had documentation of L. braziliensis infection by parasite isolation or real-time polymerase chain reaction (PCR 15 Immunologic studies were performed on days 0 and 15 (during treatment). PBMCs were obtained by heparinized venous blood. Cells were adjusted to the concentration of 10 7 /mL, and aliquots of 10 6 cells were incubated in plates with or without the addition of soluble leishmania antigen (SLA) at a concentration of 5 μg/mL. After 72 hours, supernatants were collected, and TNF-α, IFN-γ, interleukin-10 (IL-10), CCL3, CXCL9, and CXCL10 were measured by enzyme-linked immunosorbent assay (ELISA) using reagents from BD OptEIA (San Diego, CA) and R&D Systems (Minneapolis, MN). Results are expressed as picograms per milliliter. SLA was prepared from a strain isolated from an ML patient as previously described. 16 Clinical outcomes. Cure or failure was determined on day 90. Cure was defined by complete healing of the lesions with reepithelization of the skin. Failure was defined as persistence of ulceration or infiltrated borders.
Statistical analysis. The comparison between the immunological responses of the two groups was performed by Mann-Whitney test, and Fisher's exact test was used to analyze a contingency table. The significance level was defined as P 0.05.
RESULTS
The demographic and clinical features of 33 patients who participated in the study are shown in Table 1 . Three patients were excluded because of loss to follow-up or absence for the second immunological evaluation. There was no difference between the two groups regarding age, sex, or number and size of the lesions. The healing time was greater in the group that received Sb v plus placebo, but it was not significant (data not shown). Although 56% of patients were cured in the Sb v plus pentoxifylline group, 47% of the patients were cured in the Sb v plus placebo group. Mild and transitory side effects, like arthralgia (four patients), headache (two patients), fever (two patients), and lack of appetite (two patients), predominated in the Sb v plus pentoxifylline group (five patients) but also occurred in the Sb v plus placebo group. Nausea, vomiting, or diarrhea was not found in either group. The concentrations of TNF-α, IFN-γ, and chemokines before and during therapy in the two groups of patients are shown in Figure 1 . In the Sb v plus pentoxifylline group, the median of TNF-α before therapy ( Figure 1A ) was 909 pg/mL, and it ranged from 384 to 1,617 pg/mL; after 15 days of therapy, it was 144 pg/mL, and it ranged from 46 to 889 pg/mL (P 0.0001). In the Sb v plus placebo group, the median of TNF-α before therapy was 640 pg/mL, and it ranged from 402 to 1,604 pg/mL; it dropped to 333 pg/mL, ranging from 160 to 1,452 pg/mL (P = 0.04). The percentage of suppression of TNF-α production in the Sb v plus placebo group was 48%, whereas in patients who received Sb v plus pentoxifylline, the suppression was of the order of 84% (P 0.0001). IFN-γ levels also dropped significantly in the antimony plus pentoxifylline group (from 1,703 to 605 pg/mL) compared with the antimony plus placebo group (from 1,882 to 1,275 pg/mL) ( Figure 1B ). IL-10 production was low in both groups, and no difference was found before and during treatment ( Figure 1C ). The levels of CCL3 in the two groups are shown in Figure 1D . A significant decrease in CCL3 levels during therapy was observed in both groups. Different from the observed levels of TNF-α, IFN-γ, and CCL3, the levels of CXCL9 and CXCL10 increased at 15 days of therapy. The median of CXCL9 levels before therapy in the Sb v plus pentoxifylline group was 187 pg/mL, and it ranged from 102 to 589 pg/mL ( Figure 1E) ; after 15 days of therapy, it was 343 pg/mL, and it ranged from 164 to 777 pg/mL (P = 0.007). In the Sb v plus placebo group, it was 180 pg/mL, and it ranged from 65 to 473 pg/mL; after 15 days, it was 783 pg/mL, and it ranged from 271 to 2,683 pg/mL (P 0.0001). Regarding CXCL10 (Figure 1F ), the medians before and after 15 days of therapy in the Sb v plus pentoxifylline group were 272 and 435 pg/mL (P = 0.0005), respectively. In the Sb v plus placebo group, CXCL10 increased from 153 to 453 pg/mL (P = 0.0005).
To determine if there were any associations between cytokine and chemokine levels before and after 15 days of therapy with the clinical outcomes, we compared the measurements of these cytokines and chemokines in patients who were not cured with patients who were cured (independent of the type of therapy). As shown in Figure 2 , the level of CXCL9 at day 15 of therapy in patients with therapeutic failure was 669 pg/mL (range = 168-2,683 pg/mL) higher, but it was not significant in those patients who were cured in 90 days (331 pg/mL; range 164-826 pg/mL).
DISCUSSION
This study extends previous evidence of the participation of the immunological response in the pathogenesis of CL and ML and the ability of pentoxifylline in association with antimony to improve the therapeutic response of CL patients. Herein, we show that treatment with Sb v plus pentoxifylline was associated with a more significant reduction in the TNF-α and IFN-γ levels compared with placebo, whereas a decrease in CCL3 levels and an increase in CXCL10 levels occurred similarly in both groups. Interestingly, the raised production of CXCL9 during treatment was more pronounced in the antimony plus placebo group. CXCL9 is a T-cell chemoattractant, which is induced by IFN-γ. It is closely related to CXCL10, and CXCL10 is secreted by several cell types in response to IFN-γ. CXCL10 has been attributed to several roles, such as chemoattraction for monocytes/macrophages, T cells, natural killer (NK) cells, and dendritic cells, promotion of T-cell adhesion to endothelial cells, antitumor activity, and inhibition of bone marrow colony formation and angiogenesis. 16, 17 Localized CL (LCL) is associated with a T helper 1 (Th1) response and characterized by opposing dermal chemokine profiles, and LCL lesions show high expression of CXCL9 and CXCL10 and only low amounts of CCL3. 18 Our data indicate that pentoxifylline down-modulates preferentially not only TNF-α but also, IFN-γ and CXCL9 production. Although our major aim was to better understand how pentoxifylline acts on the immunologic response of CL patients, our data also suggest that pentoxifylline associated with Sb v is more effective than antimony alone in the treatment of CL. Regarding the changes in the immunologic response, one unexpected finding was the observation that, although TNF-α, IFN-γ, and CCL3 levels had fallen during therapy, CXCL9 and CXCL10 increased during therapy. There are two possible explanations for increasing production of these chemokines during therapy. (1) The in situ release of leishmania antigen may stimulate the production of CXCL9 and CXCL10 by clustered monocytic cells in the lesions. (2) The subpopulation of monocytes that produces TNF-α and CCL3 is different from the subpopulation that secretes CXCL9 and CXCL10. Three populations of monocytes have been described. Most of them are classic monocytes expressing low CD16 after the intermediate and non-classical monocytes that strongly express CD16. 19 These non-classical monocytes produce more TNF-α than the intermediate and classical monocytes, 20 but it is not known which subpopulations are responsible for the secretion of the chemokines studied here. Finally, the dropping levels of IFN-γ during therapy may be associated with not only pentoxifylline inhibition but also, leishmania killing and autocrine immune down-modulation. Therefore, the lower increased levels of CXCL9 during therapy in the antimony plus pentoxyfilline group may reflect these phenomena, which may imply that a lower inflammatory environment may lead to a cure.
Therapy with Sb v is performed for 20 days, but patients are followed for up to 60-90 days for determination of cure. Also, we observed here changes in TNF-α, IFN-γ, and chemokines levels with 15 days of therapy. Therefore, it is possible that these changes may be used to predict therapeutic response to antimony. Actually, we observed that CXCL9 levels at 15 day of therapy were higher in patients who failed than patients who were cured (independent of the groups). Therefore, the evaluation of CXCL9 levels during therapy should be performed in a higher number of patients to confirm if it may be a precocious marker of therapeutic failure. This finding is of utmost relevance, because in such a case, a new drug or a prolonged course of antimony may be incorporated to the treatment to avoid clinical failure and future complications, like mucosal or disseminated disease. A limitation to our study is the small number of subjects included, which may be associated with a low power to detect significance regarding clinical outcome. Therefore, a larger trial with enough power to address the important clinical and immunological issues raised by our data is needed. Figure 2 . CXCL9 levels at 15 days of therapy in CL patients who were cured or failed to antimony associated or not associated with pentoxifylline.
